Abstract. The coherence and imaging beamline I13 is dedicated to hard x-ray imaging on the micro-and nanolengthscale, performing microscopy either in direct or reciprocal space. For both, lens-based and lensless imaging, two independent stations will be operated in a separate building at a distance of 250 m from the source. The imaging branch will perform in-line phase contrast imaging and tomography over a large field of view in the 6-to 35-keV energy range. In addition, it will be possible to switch to full-field microscopy with 50-nm spatial resolution. Other microscopies will be developed according to the scientific needs. Resolution beyond the limitations given by the detector and x-ray optics will be achieved with techniques working in the far field. Coherent x-ray diffraction (CXRD) and other coherent diffraction imaging techniques such as ptychography will also be implemented on the same 'coherence' branch. The beamline hosts a number of innovative features such as the so-called 'mini-beta' layout for electron optics in the storage ring or new concepts for beamline instrumentation. The stations will be operational in 2011.
INTRODUCTION
In the recent past hard x-ray microscopy has undergone rapid development, improving the resolution from the micro-to the nano-length scale. The use of synchrotron radiation for high-resolution imaging and tomography has become established for a large field of applications. The high penetration depth and partial coherence of the radiation permits imaging of weakly absorbing structures in opaque materials like soft tissue in a strong-absorbing environment. Micrometer-level resolution over a relatively large field of view (millimeters) is achieved with highresolution scintillation screens, coupled via a visible light microscope to a CCD chip. The resolution limit imposed by the detector has been overcome more recently with microscopes using highly efficient condenser optics (KB mirror or capillary) in combination with high-resolution objective lenses (Fresnel Zone plate) or in projection geometry. Spatial resolution beyond the limitations of x-ray optics and detectors can be achieved by imaging in reciprocal space, with different coherent diffraction imaging techniques. The spectrum of scientific applications at I13 will cover areas such as biomedicine, materials sciences, or geo-and astro-physics [1]. For example, for realspace imaging we plan the 'life' imaging of cochlear dynamics, providing a deep insight into the hearing process [2] . On the coherence branch, biological problems will also be studied, and perhaps even more interesting, these methods give access to otherwise inaccessible internal information such as the internal stress in nanocrystals [3, 4] .
BEAMLINE LAYOUT
Diamond is the latest U.K.-based third-generation synchrotron, operating at 3-GeV energy. The beamline I13 is located in one of the long straight sections of the storage ring, providing space for two insertion devices (IDs). The vertical electron beam size at the location of the IDs can be significantly reduced by placing quadupole magnets in the center of the straight section. As a result, the undulator gap can be reduced to about 5 mm and hence the brilliance significantly increased, especially at higher photon energies. The difference in performance is shown in Fig. 1 . This layout is called 'mini-beta' according to the small vertical beta functions in the sub-sections [5] . In each of these sections the horizontal beta function converges along the beam direction. For the second insertion device, the waist of the electron and also the x-ray beam are 11 m downstream. Close to this position (at 13 m) horizontal slits define the source size while the divergence remains unchanged. The horizontal coherence length can be varied over a large range and matched to the value in the vertical direction. This layout allows for a 2-m-long undulator to be operated with 5-mm gap and a 2.8-m-long device with 6.3-mm gap. They are canted to each other by 4 mrad so that both branches can be operated independently. Electron beam was recently stored successfully in the modified ring, which is currently undergoing commissioning. Some parameters provided in the following for the photon beam may be adapted further.
Coherence Branch
In the coherence branch, the divergence of the x-ray beam is 50 rad  25 rad, and its minimal size is about 400 µm  13 µm (horizontal  vertical; all FWHM). The vertical minimum is located in the center of the undulator; the horizontal minimum is 11 m further downstream. The insertion device is expected to provide a flux of 7  10 14 Ph/s/0.1%BW and a coherent flux of about 10 10 Ph/s/0.1%BW at 8 keV, which is the optimal working energy. From the center of the insertion device the front-end slits are placed about 13 m downstream, as shown in Fig. 2 . The deflecting optics further downstream (mirror, monochromator) are placed horizontally to minimize eventual deterioration of the coherent flux [6] . Water cooling is chosen for optimal stability. The flat mirror at a 28-m distance has a deflection angle of 4.6 mrad with Si, Rd, and Pt stripes for different cut-off energies. The surface is super-polished over a small area, reaching a slope error less than 170 nrad. The crystal shape is designed to compensate for possible surface deformation under heatload [7] . The monochromator is in the external building, at about 210 m, using pseudo-channel-cut crystals. The four-bounce design provides fixed-exit at all energies and beam collimation. The longitudinal coherence length can be modified by detuning the crystal pairs to each other or selecting between a Si(111) and Si(311) set. Slits directly in front of this monochromator define the beam divergence. Lenses at 30 m can be inserted to the beam for collimation or generating an intermediate (vertical) focus at about 60 m. In the vertical direction, the coherence lengths can be adapted over a large range, and in combination with slits placed at the 60-m position, the source position is fixed with high stability. In the horizontal direction, beam position and source size is defined by the front-end slits. Some filters can be inserted in the beam to reduce heat load on the optics. For brevity, only the instrumentation needed for coherent x-ray diffraction (CXRD) is described (see Fig. 3 ). More detailed information about a similar setup can be found elsewhere [8] . The beam size is reduced in the experimental hutch to the coherent fraction and focused with either a zone plate or KB optic onto the sample. The sample can be tilted and rotated with a goniometer setup. The detector will be held on a robotic arm, providing a position stability of some microns. A photon-counting detector system based on the MediPix chip is currently under development (see also [9] ). It covers a 1.5 k  2 k array with 55-μm pixel size. 
Imaging Branch
The imaging branch operates at photon energies of about 20 keV and above. The flux at that energy will be 10 14 /s/0.1%BW. Similar to the coherence branch, slits are in the front end, and a mirror with several stripes is in the optical hutch as the first major component (see Fig. 4 ). The mirror can be bent horizontally. Behind the mirror, a multilayer monochromator is placed for fast imaging applications using a large bandwidth. In the external hutch a water-cooled double-crystal monochromator is used for absorption contrast experiments. Focusing lenses can be inserted to customize the beam size. Without using the focusing optics, the beam size in the external hutch is about 16  4 mm 2 (h  v). 
*
The experimental setup in the imaging hutch will be installed on a vibration-isolated table. The simplified experimental schemes are shown in Fig. 5 . For in-line phase contrast imaging, the distance between sample and detector can be freely changed. The sample stage consists of several translation and tilt stages and, most importantly, a high-performance air bearing stage. The detector consists of a scintillation screen coupled via a microscope optic (objective lens and eye piece) to a CCD camera. The screen transforms x-rays into visible light that is projected through the microscope onto the chip of the camera. For imaging with 50-nm spatial resolution, a hard x-ray microscope can be swapped into the beam. It has a highly efficient condenser optic (a KB mirror or similar) matched to the objective lens aperture. For the latter, a Fresnel Zone plate provides the high spatial resolution. A phase ring and other beam-defining elements are moved into the beam for Zernike phase contrast imaging. The details of the instrument are described elsewhere [12, 13] .
SUMMARY
I13 is a 250-m-long beamline for imaging and coherence. It covers the energy range from 6-to 35-keV for studies on the micro-and nano-length scale. Two independent stations operate in reciprocal and real space to cover different high-resolution techniques. The beamline layout takes into account the high requirements for stability of the beamline. Modifications of the storage ring optics (mini-beta) allow high brilliance and matching of the lateral coherence lengths.
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